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Introduction
Tropical savannas constitute one of Earth's major biomes, covering 20-30% of the land surface (Myers et al., 2000) . Australian tropical savannas are particularly important because they are the largest and least modified tropical savanna woodlands in the world, comprising approximately 25% of the Earth's remaining savannas that are in good ecological condition (Woinarski et al., 2007) . The Australian monsoonal tropics, which span the northern third of the continent, are home to a major component of biodiversity, with some areas, particularly the sandstone escarpments, having similar biodiversity levels to Australian rainforests (Bowman et al., 2010 ). Yet, only recently has research started to uncover unexpected levels of diversity and phylogeographic structure across the monsoonal tropics Oliver et al., 2014; Potter et al., 2016; Smith et al., 2011) . As a result of these research findings, the current taxonomy in many groups does not reflect actual species diversity.
One lizard group that is in immediate need of a taxonomic revision is the large-bodied agamids of the tropical savannah woodlands. Despite their ubiquity and ecological significance in this biome, major taxonomic problems characterise the group at both the generic and the species levels. Molecular work suggests major taxonomic problems within Amphibourus, Gowidon and Lophognathus (Hugall et al., 2008; Schulte et al., 2003) . Melville et al. (2011) identified a clade containing five species in three genera: Amphibolurus muricatus (White, 1790), A. norrisi Witten and Coventry, 1984, A. burnsi (Wells and Wellington, 1985) , L. gilberti Gray, 1842, and Chlamydosaurus kingi Gray, 1825. According to these results, the frill-necked lizard (Chlamydosaurus kingii), which has remained monotypic since its description, belongs to this clade, despite its stunning morphological distinctness. Further complicating these results is the possibility that L. gilberti is actually a species complex. Molecular work Schulte et al., 2003) and field observations (Melville, unpublished data) There has been a complex taxonomic history for the genus Lophognathus, which was originally erected for a single species (Lophognathus gilberti), with the inclusion of multiple species at different times, including Amphibolurus burnsi (Wells and Wellington 1985) , Gowidon longirostris (Boulenger, 1883) and G. temporalis (Günther, 1867) . The current catalogue (Department of the Environment and Energy, 2014) lists one species in Lophognathus (L. gilberti) and two in Gowidon (G. temporalis and G. longirostris), although a formal revision of the generic placement of G. temporalis into Gowidon has not occurred. Molecular work suggests that G. temporalis and G. longirostris are not closely related to L. gilberti, and that A. burnsi is more closely related to Amphibolurus, with more recent publications reflecting this placement (e.g. Wilson and Swan, 2017) . Based on this confusing taxonomic history and that the morphological characters previously used to define Gowidon, Lophognathus and Amphibolurus do not seem to be diagnostic, a complete review of these species is required.
We undertook a morphological study and an integrative taxonomic review of the genera Gowidon, Amphibolurus and Lophognathus species from northern Australia, incorporating results from the most recent molecular study . We examined all primary types for the study species, including junior synonyms, and conducted detailed morphological analyses using additional museum specimens that included many of the specimens sequenced in the molecular study . This comprehensive review of these genera provides a complete taxonomic revision and contributes significantly to our understanding of generic and species-level diversity in the Australian tropical savannas. Frankfurt-am-Main, Germany. Table 1 . Current taxonomic designations of Agamidae genera under revision, including details of synonyms and primary types, from Department of the Environment and Energy (2014) . All types have been examined for morphological analysis, except those where they are presumed lost or status unknown. Figure 1 . MtDNA phylogenetic tree for the genera Lophognathus, Amphibolurus and Chlamydosaurus reproduced from Melville et al. (2011) . Tree presented is a Bayesian 50% majority-rule consensus tree based on ~1200 bp mitochondrial DNA (ND2). Bayesian posterior probabilities and ML boostraps are provided on branches. Sample identification numbers are either Genbank accession numbers for previously published sequences or museum IDs (shown in brackets) for samples sequenced previously. Vertical bars indicate species following the taxonomic revision.
keep the beta error low by seeking evidence from as many different approaches as possible (Miralles and Vences, 2013) .
Results

Taxonomic implications of phylogenetic relationships
Results from the comprehensive molecular study provide strong evidence that a taxonomic revision of Lophognathus, Gowdon and Amphibolurus is warranted ( fig. 1) and Wellington, 1984) has been used in recent publications (e.g. Wilson and Swan, 2017 ) based on molecular data . However, there is no available name for G. temporalis and a new genus is required (see taxonomic revision below). These generic designations are analysed further in the morphological section below.
Morphological analysis
Museum specimens for species in Lophognathus, Gowidon and Amphibolurus were analysed using ten morphometric characters and examined to identify morphological synapomorphies. Initially, the specimens that were sequenced in the molecular study were examined to determine diagnostic characters for the six species identified in the phylogenetic analyses: L. gilberti, L. sp. nov., L. gilberti centralis, G. longirostris, G. temporalis and A. burnsi. Once the diagnostic characters had been established, we then went through museum specimens (Supplementary Appendix S1) and primary types (Table 1) and assigned each of them to one of these species. All specimens were then measured and scored for morphometric and synapomorphic characters. A summary of morphometric characters for each species is presented in Table 2 . While there is extensive variation within species in body colour, patterns and scalation, we were able to determine some consistent and diagnostic characters that differed between the taxa. These synapomorphies were particularly related to scalation and colour patterning on the head and upper body. These synapomorphies are covered in detail in the taxonomic revision section below.
Morphometric analyses -multivariate methods were used to examine the morphological differences between the six
Materials and methods
Morphology
Primary types, including all junior synonyms (Table 1) , were examined for morphological analysis and taxonomic revision. We also examined additional museum specimens for a morphological analysis of all species currently belonging to Lophognathus (see Supplementary Appendix S1 for details). Ten morphometric characters were measured using calipers for all specimens examined: snout-vent length (mm), tail length (mm), upper hindlimb length (proximal hindlimb; mm), lower hindlimb length (distal hindlimb; mm), hindfoot length to end of fourth toe (autopod hindlimb; mm), head length (mm), head width at widest point behind ear (mm), head depth at deepest point between eyes and ears (mm), number of femoral pores and number of preanal pores. In addition to these morphometric measurements, specimens were examined for scalation patterns, colour patterns and other synapomorphies.
Univariate and multivariate analyses were used to examine differences in the morphometric characters between the species. We used SYSTAT Version 10.2 (SYSTAT Software Inc., Richmond, California, USA) for analyses. Before analysis, all morphological variables were regressed against snout-vent length and the residuals were used for subsequent analyses to remove the effect of body size. First, all ten morphometric characters were analysed using analysis of variance with multiple comparisons (Tukey's procedure). Then, principal components analysis was used to reduce the dimensionality of the morphological data (FACTOR procedure of SYSTAT). Principal components were extracted from a correlation matrix of the raw data. Principal components were named by the correlations of the original variables to the principal component; correlations with absolute values greater than 0.5 were considered important. Resultant principal components were explored using analysis of variance with multiple comparisons (Tukey's procedure) to determine whether there were interspecific differences in morphometric characters.
Species delimitation assessment
We used an integrative taxonomic approach for species delimitation assessment by following the principle that as many lines of evidence as available should be combined to delimit species (Miralles and Vences, 2013) , which has been successfully used in Australian dragon lizards (Melville et al., 2014) . We first used the mtDNA phylogenetic tree in association with the nuclear tree to determine that no mtDNA introgression exists. Thus, the mtDNA was used to define a starting hypothesis for the clustering of specimens (Miralles and Vences, 2013) . Species delimitation was then based on additional support from at least two of the following: (a) sympatric occurrence without admixture, as revealed by consistent differences in morphological or molecular characters at the same geographic location; (b) congruent diagnostic differences between sister lineages in morphological characters; and (c) the absence of haplotype sharing in nuclear loci. Integrative taxonomy therefore minimises the alpha error by only taking into account the most unambiguous species evidence provided by a variety of approaches and attempts to Lophognathus species. We conducted a principal components analysis on the measured morphological characters (Table 3) . Three morphological measurements were found not to vary significantly between species: proximal hindlimb; distal hindlimb and head length. Consequently, these characters were not included in the multivariate analyses.
Principal components analysis of the morphometric variables revealed that body proportions accounted for almost half of the variance in the data. This first principal component (PC1) explained 46.43% of the variance in morphology. Lizards scoring high on PC1 are large with relatively long hind feet, long tails, and deep or wide heads, while lizards scoring low on PC1 are small with short body proportions ( Table 3 ). The second principal component (PC2) explained 19.69% of the variance in morphology. Lizards with high scores on PC2 had lower numbers of femoral and preanal pores, while lizards scoring low on PC2 had higher numbers of pores (Table 3 ). The third principal component (PC3) explained 14.40% of the variance in morphology. Lizards with high scores on PC3 had proportionally short hind feet, while lizards scoring low on PC3 had longer hind feet. Analysis of variance indicated a statistically significant difference between species on PC1 (F 5, 136 = 12.61, P < 0.001), and Tukey's honest significant difference post hoc test showed that L. gilberti and L. sp. nov. scored significantly lower on this principal component than L. gilberti centralis (P = 0.029 and P = 0.003, respectively), A. burnsi (both P < 0.001) and G. longirostris (P = 0.039 and P = 0.010, respectively) but not G. temporalis. In addition, G. temporalis had a significantly lower score than G. longirostris (P < 0.001) on PC1. Thus, relative to body size, L. gilberti, L. sp. nov. and G. temporalis have shorter or smaller body proportions than the other species.
Analysis of variance of PC2 also indicated a statistically significant difference between species (F 5, 136 = 56.49, P < 0.001). Tukey's honest significant difference post hoc test indicated that G. temporalis scored significantly higher on PC2 than all of the other taxa (all P < 0.001), indicating lower pore numbers, and G. longirostris scored significantly lower than all other taxa (all P < 0.001), indicating higher pore numbers. Analysis of variance of PC3 indicated a statistically significant difference between species (F 5, 136 = 21.08, P < 0.001) and Tukey's honest significant difference post hoc test indicated that on PC3, G. temporalis and G. longirostris scored significantly higher than all of the other taxa (all P < 0.001), indicating shorter hind feet length, relative to body size.
Although there is a statistically significant separation of these species in morphospace, it is visually difficult to ascertain ( fig. 2 ). There is extensive overlap in morphospace, with G. temporalis and G. longirostris being the only species with visible separation from the others and that do not overlap each other in morphospace.
All available specimens were separated into groups based on the independent lineages supported in the mtDNA tree and then assessed for fixed and unambiguous morphological character states. We identified five morphologically diagnosable lineages that were also resolved as independent 
Species
Taxonomic revision
Diagnoses below are given only in terms of synapomorphies. Species diagnoses are only provided for those species for which taxonomic revision is required.
Genus Amphibolurus Wagler, 1830
Gemmatophora Kaup, J. Gowidon temporalis −0.28 ± 0.13 1.13 ± 0.13 0.83 ± 0.14 Note: PC, principal component; SVL, snout-vent length. Diagnosis. Large robust member of the Amphibolurus genus. Large wide head with extensive covering of spinose scales. Posterior ventral portion of head heavily covered with spinose scales. Well-developed spinose nuchal and vertebral crest, which continues down back to hips. At least two more spinose dorsal crests on each side of vertebral crest. Scalation on back strongly heterogeneous, with two dorsolateral rows of spinose scales running from shoulders to hips. Scales on thighs strongly heterogeneous with scattered spinose scales. Prominent row of spinose scales running along the posterior edge of thighs. Shades of brown, grey to almost black. Two broad pale dorsolateral stripes running from ear or neck to the hip, discontinuous with lip scales. Dorsolateral stripes intersected by multiple wedges of brown or grey along their length. Femoral pores 3-5; preanal pores 4-6.
Description of holotype. Adult. Large robust lizard with distinct neck, limbs long and robust; canthus well defined; nasal scale below canthal ridge, nare slightly to the posterior-dorsal section of the nasal scale; visible tympanum. Infralabials 12; supralabials 13. Labials elongate somewhat keeled. Scales on dorsal surface of head heterogenous and strongly keeled. Welldeveloped spinose nuchal crest. Posterior portion of head heavily covered with spinose scales. Well-developed vertebral crest, which continues down back to hips. Two paravertebral rows of enlarged and prominent spinose scales on each side of vertebral crest, running from shoulders to hips. Scales on thighs strongly heterogeneous with scattered spinose scales. Row of enlarged spinose scales running along posterior edge of thighs. Scales on the dorsal surface of body and tail are strongly keeled and scales on the ventral surface are weakly keeled. Colour dorsally is light to dark brown and grey, with scattered black markings.
Variation. Considerable variation in the number and size of spinose scales between males, females and juveniles. In adult males there are numerous long spines (> 2 mm) and the spinose scales are dense across the back of the head, nuchal and ventral crests, and rear of the thighs. In females and juveniles, spinose scales are still present and diagnostic but they are smaller and less dense, providing an overall appearance of the lizards being less spiny. Some individuals, particularly adult males, have a broad pale stripe running along the full extent of the lower lip. However, a white stripe along the upper lip is not present and a well-defined pale stripe between the eyes and ears is not present.
Distribution and ecology. Occurs in dry woodlands and associated with eucalypts along inland watercourses. Distributed across southern and central-western Queensland and northern inland New South Wales.
Remarks. The distribution of Amphibolurus burnsi potentially overlaps with A. centralis and A. muricatus. A. burnsi has been included in the genus Lophognathus but DNA sequencing has confirmed that it is unrelated to Lophognathus species and demonstrates a clear sister-species relationship with A. centralis. Morphologically, A. centralis and A. burnsi can be distinguished by the latter having heterogeneous scales on the thighs, spinous scales on the thigh and enlarged spinous scales along the rear of the thigh. Amphibolurus centralis (Figs. 5 & 8) Physignathus gilberti centralis Loveridge, A. 1933 Diagnosis. Large robust member of the Amphibolurus genus. Large wide head in proportion to body size. Well-developed spinose nuchal and vertebral crest. Scalation on back heterogeneous. Scales on thighs relatively homogeneous, lacking row of large spinose scales. Shades of light to dark brown and grey. Two broad pale dorsolateral stripes running from ear or neck to hip, discontinuous with pale lip scales. Dorsolateral stripes intersected by multiple wedges of brown or grey along their length. Most individuals have a broad pale or white stripe running along extent of the lower lip. Femoral pores 2-6; preanal pores 3-6.
Description of holotype. Adult male. Large robust lizard with large wide head in proportion to body size and well-developed spinose nuchal crest comprising a row of eight enlarged scales. Additional (4-6) enlarged spinose scale protruding from rear of head, posterior to the jaw. Scales on thighs relatively homogeneous, lacking row of large spinose scales. Distinct neck, limbs long and robust; canthus well defined; nasal scale below canthal ridge, nare slightly to the posterior-dorsal section of the nasal scale; visible tympanum. Infralabials 13, supralabials 14. Labials elongate without obvious keels. Scales on dorsal surface of head heterogenous and strongly keeled. Scattered enlarged, keeled mucronate scales present on side of head posterior to the eye. Scales on the dorsal surface of body and tail are strongly keeled and scales on the ventral surface are weakly keeled. Tail long, robust at base, tapering distinctly from approximately one-third along its length to a fine tip. Shades of cream, light to dark brown and grey. Two broad pale dorsolateral stripes running from rear of head to back of rear legs; pale stripes bordered by narrow discontinuous dark brown stripes along entire length and flecks of dark brown within the posterior two-thirds of the pale stripes. Irregular dark brown colouration between the pale dorsolateral stripes on the anterior one-third of the torso. Lacking pale stripe running along the extent of the lower lip.
Variation. Marked variation in colour pattern between individuals. Broad white lip stripe occurs along the upper lip in some individuals, mostly adult males. Alternatively, some individuals do not have a white stripe on either the upper or the lower lips. Diffuse pale stripe between eye and ear in some individuals, but it is not a well-defined stripe bordered dorsally and ventrally by a row of darker scales extending the full span of eye-ear.
Distribution and ecology. Arid northern-central and central
Australia, particularly associated with mulga woodlands but also occurring in eucalypt woodlands. Western Queensland, Northern Territory and Western Australia. 
Diagnosis.
A monotypic genus consisting of a large agamid lizard in the subfamily Amphibolurinae with exposed tympanum, gular scales smooth to weakly keeled, ventral scales smooth to weakly keeled. Long-limbed, very long tail, long snout and distinct nuchal crest. Head narrow and shallow in depth compared with length of snout. Dorsal scales uniform, with keels converging posteriorly toward midline. Prominent pale dorsolateral stripes and pale stripe along lower jaw. One to three small white spots on a black background positioned directly posterior to the ear. Preanal pores 4-7; femoral pores range 11-22.
Included species. Gowidon longirostris Boulenger, G.A., 1883.
Distribution. Arid western interior of Australia. Semi-arboreal, occurring in a broad range of habitats across arid and semi-arid habitats, particularly associated with inland arid watercourses, gorges and river beds.
Gowidon longirostris (Figs. 5 & 8) 
Diagnosis. As for genus.
Description of Lectotype. Adult. Moderately sized slender agamid lizard with relatively long snout and dorsoventrally compressed head. A distinct neck, very long limbs and very long whip-like tail; canthus well defined; nasal scale below canthal ridge, nare slightly to the posterior-dorsal section of the nasal scale; visible tympanum. Infralabials 13; supralabials 15. Labials elongate unkeeled. Scales on dorsal surface of head moderately heterogeneous and weakly to moderately keeled. Low nuchal crest of slightly enlarged scales, extending as a row of enlarged vertebral scales down the back to base of tail. Lacking enlarged spinose scales on head or torso. Dorsal scales on body and tail mostly homogeneous and moderately keeled. Scales on thighs homogeneous and strongly keeled. Scales on ventral surface of head strongly keeled and weakly keeled on the body. Colour dorsally is light to dark brown and grey. Broad white lip stripe, widest on lower jaw and narrow on upper lip, extends below ear and as two broad white dorsoventral stripes extending to mid-way down the back. A dark diffuse area of pigmentation behind ear with diffuse pale spot immediately behind the tympanum but the characteristic well-defined white spot or spots on a black background behind the ear is not apparent. Ventral surface of head, throat and upper chest darkly pigmented with the dark pigmentation extending to the lateral surfaces of the throat and up over the shoulders, bordering the white dorsolateral stripes.
Variation. A few specimens examined lack the broad dorsolateral stripes and are a pale grey colour, with a few rustbrown coloured markings between the shoulders. An example of this colour-morph is NMVD74317 collected on the Great Northern Highway, 1 km E of Roebuck Roadhouse, Western Australia (17° 48' 57"S, 122° 40' 44" E). However, these pale colour morphs still retain the white spot or spots on a black background behind the ear.
Distribution and ecology. Arid western interior of Australia. Semi-arboreal, occurring in a broad range of habitats across arid and semi-arid habitats, particularly associated with inland arid watercourses, gorges and river beds.
Remarks. The distribution of Gowidon longirostris overlaps
with Amphibolurus centralis and Lophognathus horneri sp. nov. but can be distinguished morphologically by having more than 10 femoral pores, ≥ 1 white spot on a black background behind the ear, a relatively long snout and dorsoventrally compressed head, and a very long whip-like tail.
Genus Lophognathus Gray, 1842
Lophognathus Gray, J.E., 1842. Description of some hitherto unrecorded species of Australian reptiles and batrachians. Pp. 51-57 in: Gray, J.E. (ed. Diagnosis. A genus consisting of large agamid lizards in the subfamily Amphibolurinae, with exposed tympanum, gular scales smooth to weakly keeled, ventral scales weakly to strongly keeled. Stoutly built with moderately long legs and tail. Broad white stripe on the upper and lower lips, extending along the full extent of the jaw, pale stripe from behind the eye to the top of the ear, which is cream, white, grey or yellow in life. This pale stripe is well defined ventrally and dorsally by a row of darkly pigmented scales ( fig. 6 ). Heterogenous scales on the back both at the midline and doroslaterally, associated with a weak to prominent row of enlarged, strongly keeled scales. Colour patterns of grey, brown, rust-brown and black. Welldeveloped nuchal crest continuous with the enlarged row of vertebral scales. Broad pale dorsolateral stripes, which may extend from top of ear or back of head to hips. Dorsolateral stripes are not continuous with the pale lip stripes. On the back, dorsolateral stripes may be intersected by wedges of brown or grey. Preanal pores 3-6; femoral pores 2-8. Variation. Some specimens of L. gilberti do have white areas on the tympanum but they are not a well-defined spot surrounded by the black pigmented area (fig. 7) ; instead, they are a diffuse white or off-white smear or patch of pale pigment without the associated black pigmentation. An example of this is specimen NMVD74026 collected from Mt Wells Road, near Grove Hill in the Northern Territory (13° 28' 47" S, 13° 132' 41" E), which has a smear of white pigmentation across the posterior half of the tympanum.
Included species. Lophognathus gilberti
Distribution and ecology. Far northern Australia in woodlands and tropical savannahs. In the Northern Territory north of Katherine, in Arnhem Land, and across coastal areas into Western Australia and western Queensland. In Western Australia, occurs north of Kununurra and extending up into the eastern coastal Kimberley.
Remarks. Lophognathus gilberti shares similar body proportions and meristic characters with L. horneri sp. nov., with extensive distributional overlap ( fig. 4 ) but is readily separated by the lack of a well-defined white spot on the tympanum. Lophognathus gilberti is also superficially similar to Amphibolurus centralis and potentially has distributional overlap, but it differs in mostly having a well-defined white or pale stripe extending the full length between the ear and the eye, and a broad white stripe running the extent of the upper lip being mostly present.
Lophognathus horneri sp. nov.
ZooBank LSID: urn:lsid:zoobank.org:act: 4E027CDD-F9B2-451B-B08E-26D6A0B8A8ED. (Figs. 8 & 9) Grammatophora temporalis (part.) Günther, A., 1867. Additions to the knowledge of Australian reptiles and fishes. Annals and Magazine of Natural History 20(3): 45-68 [52] .
Synonymy that of: Melville, J., this work.
Holotype. NTM R16472 Sambo Bore, Wave Hill Station, Northern Territory (18º 52' 48" S, 130º 40' 12" E).
Paratypes. NMV D72658 Wave Hill Homestead, Northern Territory (17º 23' 08" S, 131º 06' 44" E); NMV D73846 King Edward River Camp, Mitchell Plateau, Kimberley, Western Australia (14º 52' 57" S, 126º 12' 10" E); NMV D74687 road to Davenport Ranges National Park, Northern Territory (20º 37' 34" S, 134º 47' 14" E); WAM R131990 Kununurra, Kimberley, NE Western Australia (15° 48' 0.00" S, 128° 43' 0.12" E); WAM R108806 Mabel Downs Station, Calico Springs, NE Western Australia (17° 16' 59.88" S, 128° 10' 59.88" E); WAM R132850 Kununurra, NE Western Australia (5° 47' 37.68" S, 128° 43' 10.92" E); BMNH 1946.8.12.73 Nickol Bay, Western Australia [paralectotype Grammatophora temporalis (part.) Günther, 1867] .
Diagnosis. A member of the Australian genus Lophognathus
Gray, 1842, characterised by broad white stripe on the upper and lower lips, extending along the full extent of the jaw, a pale stripe from behind the eye to the top of the ear, which is cream, white, grey or yellow in life. This pale stripe is well defined ventrally and dorsally by a row of darkly pigmented scales ( fig.  6 ). It is a large robust dragon with long head and well-built moderately long limbs. It has heterogenous scales on the back, both at the midline and dorsolaterally, associated with a weak to prominent row of enlarged strongly keeled scales. Lophognathus horneri is distinguished from Lophognathus gilberti by the presence of a distinct white spot on the tympanum ( fig. 7) . This well-defined white spot is wholly surrounded or bordered dorsally and to the anterior by an area of black pigmentation that is positioned on the upper posterior quarter of the tympanum. This area of black pigmentation also runs along a raised ridge that extends from the outer dorsoposterior edge of the tympanum towards its centre ( fig. 9) .
Description of holotype.
A large robust male dragon lizard (snout-vent length: 102 mm; head length: 36.1 mm; head width at widest point: 23.2 mm; head depth: 14.4 mm; hindlimb length: 102 mm). Head moderately long and wide, slightly rounded profile of snout and slightly dorsolaterally compressed. Nuchal crest low, extending from anterior of ear to shoulders and composed of enlarged strongly keeled scales. Gulars smooth and ventrals weakly to strongly keeled. Dorsal scales strongly keeled and heterogeneous in size. Broad pale dorsolateral stripes, continuous from neck to the hips, bordered and well-defined by row of darker scales. Dorsolateral stripes discontinuous with lip stripes. Well-defined pale stripe between eye and top of ear, bordered dorsally and ventrally by row of darker scales. Welldefined white spot on the tympanum, which is adjacent to an area of black pigmentation that runs along a raised ridge that extends from the outer dorsoposterior edge of the tympanum towards its centre. Femoral pores 2L/3R; preanal pores 4.
Variation. The white stripe on the lower lip and the white spot on the tympanum are always present. The white stripe between the eye and the ear is almost always present. The broad white stripe on the upper lip can be pale and not prominent in a few individuals. The pale dorsolateral stripes are not continuous with the white lip stripes. Dorsolateral stripes are often absent between the ear and neck or are intersected by wedges of darker scales along the back. Three specimens collected from 80 Mile Beach ( fig. 8 ), Western Australia (NMV D74362-D74364), lacked a distinct stripe between the eye and the earsuperficially similar to Amphibolurus centralis -but they still had the white spot on the tympanum. A range of specimens were examined from large adult males, females, juveniles and hatchlings. All these specimens had a white stripe on the lower lip and the white spot on the tympanum. 
Coloration in alcohol.
Specimens retain key diagnostic characters in preservative. For example, the paralectotype Grammatophora temporalis (part.) BMNH1946.8.12.73 from Nickol Bay, Western Australia, which has also been designated as a paratype for L. horneri sp. nov., was collected before 1867. This specimen, which has been in preservative for over 150 years, still retains diagnostic characters: broad white stripe on upper and lower lips, white spot on the tympanum and a pale stripe between eye and ear, which is bordered ventrally and dorsally by a row of darkly pigmented scales. Comparison with other species. Lophognathus horneri shares similar body proportions and meristic characters with L. gilberti with extensive overlap (Tables 2 and 3; fig. 4 ). It is readily separated from this species by the presence of a well-defined white spot on the tympanum ( fig. 7) , which is wholly surrounded or bordered by an area of black pigmentation. Lophognathus horneri is also superficially similar to Amphibolurus centralis, but it differs in having proportionally shorter tail, hindlimbs and head. Additionally, L. horneri has a well-defined white spot on the tympanum and a well-defined stripe between the eye and the ear (figs 6 and 7), which are lacking in A. centralis. Some specimens of L. gilberti and A. centralis do have white areas on the tympanum but they are not a well-defined spot surrounded or adjoining the black pigmented area; instead, they are a diffuse white or off-white smear or a patch of pale pigment without the associated black pigmentation. Lophognathus horneri can be distinguished from Tropicagama temporalis gen. nov. by having a well-defined stripe between the eye and the ear and heterogeneous dorsolateral scales along the back. In addition, Lophognathus has > 2 preanal pores, whereas Tropicagama temporalis gen. nov. has only two. Gowidon longirostris differs from L. horneri by having very long limbs and tail, being dorsoventrally compressed, having 1-3 white spots on a black background behind the ear and having > 10 femoral pores.
Etymology. This species is named in honour of Paul Horner, the Curator of Terrestrial Vertebrates at the Museum and Art Gallery of the Northern Territory, in recognition of his contributions to the knowledge of the tropical lizard fauna of Australia and his instrumental role in the taxonomic review of agamid lizards from this region.
Genus Tropicagama gen. nov.
ZooBank LSID: urn:lsid:zoobank.org:act: F534B4D5-CBD7-41E0-950A-B95B14F1D858. 
Diagnosis.
A monotypic genus consisting of a large agamid lizard in the subfamily Amphibolurinae, with exposed tympanum, gular scales smooth to weakly keeled, ventral scales smooth to weakly keeled. Very long-limbed, prominent erectable nuchal crest. Long tail and head relatively narrow for length. Dorsal scales uniform, with keels converging posteriorly toward midline. Prominent pale dorsolateral stripes that are broadly continuous with wide pale stripe along upper and lower jaw. Lacks well-defined pale stripe between eye and ear. Upper portion of head usually dark grey or black and uniformly coloured. Under the head, on the chin, gular and neck areas, there is dark grey or black uniform pigmentation in adult males, with two narrow white stripes extending from the back of the jaw anteriorly under the chin, parallel to the jaw, ending approximately half way along the jaw. Femoral pores 1-6; preanal pores 2 (range 1-3).
Included species. Grammatophora temporalis (part.)
Günther, A., 1867. Variation. Adult males have dark grey to black uniform colour on top of head and below chin, onto neck and ventral surface of shoulders. However, females and juveniles often lack this uniform colour and instead have brown and black patterning on top of the head and only have flecks of grey, brown or black on their ventral surface. However, they still have two continuous dorsolateral stripes from the jaw onto the back and lack a welldefined pale stripe between the eye and the ear. Also, it is common for Tropicagama temporalis to have one or more broad dark lateral bands across the back at the shoulders. Commonly, the white lower lip stripe does not extend the full length of the jaw; instead, it is only present on the posterior section of the lower jaw. 5. Scales on thighs strongly heterogeneous, with scattered spinous scales and a row of small to large spinous scales running along rear of thigh 7
Distribution. Far northern Australian coastal regions in the
Scales on thighs mostly homogeneous, lacking spinous scales on the thigh and row of enlarged spinous scales running along rear of thigh absent Amphibolurus centralis 6. Well-defined white spot on tympanum is present ( fig. 7) . It is wholly surrounded or bordered by an area of black pigmentation that runs along a raised ridge, which extends from the outer dorsoposterior edge of the tympanum towards its centre
Lophognathus horneri
Well-defined white spot on tympanum absent ( fig. 7) . If white or pale pigmentation is present on the tympanum, it is not a well-define spot or not wholly surrounded or bordered by an area of black pigmentation that runs along a raised ridge, which extends from the outer dorsoposterior edge of the tympanum towards its centre Lophognathus gilberti 7. Prominent spinose nuchal and vertebral crest, and two or more additional dorsal crests. A row of large spinose scales running along rear of thigh Amphibolurus burnsi
Lacking multiple additional dorsal crests and row of only small spinose scales running along rear of thigh …………………………………. 8
Dark strip between nostril and eye Amphibolurus norrisi
Dark stripe between nostril and eye absent Amphibolurus muricatus
Discussion
Molecular work, incorporating both mitochondrial and nuclear gene regions, provided compelling evidence that taxonomic revision of the genera Amphibolurus, Gowidon and Lophognathus was required . This molecular work also provided a starting point for morphological analyses, allowing us to determine diagnostic characters for each species. Until now, without the aid of molecular data, it has been difficult for taxonomists to determine which morphological characteristics were diagnostic. These past difficulties and our current study have shown that there is significant morphological homoplasy across these agamid species, with significant overlap in morphometrics, colour, patterning and scalation. We have determined that there are four independent evolutionary lineages in the former genus Lophognathus (now Gowidon, Lophognathus, Amphibolurus and Tropicagama). Despite the deep divergences between the four lineages, there are extensive morphological similarities in the constituent species. In addition, the fact that we have found that the junior synonym of one Lophognathus species was an unrelated species, now Amphibolurus centralis, demonstrates the extent of homoplasy in these dragons.
It seems that most of the difficulties in determining species in these genera have occurred in northern Australia, with Amphibolurus centralis, Gowidon longirostris, Tropicagama temporalis, Lophognathus gilberti and Lophognathus horneri all occurring in northern and northwestern Australia. This geographic concentration of taxonomic problems may result from several reasons. A lack of dedicated taxonomic research into the genera Lophognathus and Amphibolurus in northern Australia may be an important factor. There has been a paucity of taxonomic research undertaken on the Australian agamid lizards, particularly those of the Northern Territory and western Queensland. Glenn Storr from the Western Australian Museum provided much of the foundational work on the taxonomy of dragons in the arid and semi-arid regions of Australia but his taxonomic work did not include Amphibolurus and Lophognathus, except for his taxonomic review of bearded dragons and the dismemberment of the Amphibolurus genus (Storr, 1982) . Since Storr, there has been little taxonomic work conducted on northern Australian agamids. Similar taxonomic problems have arisen in dragons occurring in the eastern states of Australia, where more research is focused. For example, Witten (1972) described Amphibolurus nobbi from Queensland, New South Wales and Victoria, but more recent work has demonstrated that this species is in the genus Diporiphora (Edwards and Melville, 2011) . Following Witten's taxonomic placement of the nobbi dragon into Amphibolurus, Greer (1989) noted that the colour patterns of the nobbi dragon were similar to other species of Diporiphora, rather than Amphibolurus, with a pink or rose flush to the base of the tail and yellowish sides. Thus, it appears that Witten (1972) selected characters that were not correlated with evolutionary relatedness when placing the nobbi dragon into Amphibolurus. Consequently, the problems with the taxonomic resolution in Amphibolurus and Lophognathus have probably resulted from a combination of little research and difficulties in morphological taxonomic research into these genera.
There is a reoccurring theme of non-diagnostic characters and morphological homoplasy in the taxonomy of Australian agamids. The use of molecular tools in the taxonomy of Amphibolurinae has greatly improved resolution and nomenclatural stability that has not been possible with morphology alone. In addition, these molecular data allow insight into evolutionary patterns in this diverse group of lizards, where there is both a high degree of morphological diversity and homoplasy across the subfamily. Our study has demonstrated the high level of morphological homoplasy across independent evolutionary lineages. Our results provide significant scope for future research into the evolutionary processes underlying the morphological convergence or parallelism in Australian agamid lizards.
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